CO 
Oi 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



oi) 



EP 1 059 630 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication! 


(W\ int n 7 G11B 7/0045 


13 12 2000 Bulletin 2000/50 

1 Ji l&iAvUU DUIICllll IvUU/vU 




ffifi^ International annlination number* 


(21 ) Application number: 99954390.3 


PCT/JP99/06158 


(22) Date of filing: 05.11.1999 


^87^ International oublication number* 

l W fill ILvl 1 ICIUvl IOI UUUIIvUUvl 1 1 l\A\ 1 lUvl • 




WO 00/28535 (18.05.2000 Gazette 2000/20) 


(84) Designated Contracting States: 


• MINAMINO, Junichi 


DE FR GB 


Nara-shi, Nara 631-0062 (JP) 




• SHOJI, Mamoru 


(30) Priority: 06.11.1998 J P 31588598 


Sakai-shi, Osaka 591-8032 (JP) 


(71) Applicant: 


(74) Representative: 


MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 


Eisenfuhr, Speiser & Partner 


Kadoma-shi, Osaka 571-8501 (JP) 


Martinistrasse 24 




28195 Bremen (DE) 


(72) Inventors: 


• FURUMIYA, Shigeru 




Himeji-shi, Hyogo 670-0083 (JP) 





(54) METHOD AND DEVICE FOR FINDING CONDITIONS ON RECORDING PULSE OF OPTICAL 
DISK 



(57) If data is recorded using a disc with deviating 
characteristics and a recorder with deviating character- 
istics, data will not be appropriately recorded, and errors 
will occur in the read signal. Standard recording pulse 
parameters specifying recording pulse positions for plu- 
ral possible mark length and space length combinations 
are read from a writable optical disc, these standard 
recording pulse parameters are then used for test writ- 
ing, the standard recording pulse parameters are 
changed uniformly or individually, a best recording pulse 
parameter is thus obtained, and jitter can be reduced. 
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Description 
Technical Field 

[0001] The present invention relates to a method 
and apparatus for determining the recording pulse 
parameters of an optical disc by reading standard 
recording pulse parameters from a writable optical disc, 
the optical disc having standard recording pulse param- 
eters prerecorded to a specific area thereof, setting the 
recording pulse parameters of a recording and repro- 
ducing device, and recording or reproducing data from 
the disc. 

Background Art 

[0002] The DVD-RAM specification describes one 
example of a high data capacity rewritable optical disc, 
and devices capable of writing 2.6 gigabytes of data 
using a mark edge recording method to one side of a 12 
cm diameter disc using a phase change recording film 
are available. Looking to achieve an even higher density 
optical disc medium, the present inventors have been 
studying a disc recording method (cf., JP2679596) 
capable of reducing shifting in the mark edge position 
as a result of heat interference between marks, a prob- 
lem with high density recording in phase change optical 
disc media. 

[0003] When this disc recording method records 
data to disc as amorphous marks using a mark edge 
recording technique, recording is accomplished using a 
laser beam of plural pulse streams, known as a multi- 
pulse beam. Because the size of the recorded marks 
and the distance of the space between marks is so 
small in high density recording, the heat of the laser light 
applied to form a particular mark is also transferred to 
the marks therebefore and thereafter, causing distortion 
in the shape of the particular mark and the marks ther- 
ebefore and thereafter. To prevent this, marks are 
recorded by precompensating for heat interference 
between marks by changing the position of the first 
pulse in the multipulse stream used for pulse formation 
according to the relationship between the length of a 
particular mark and the length of the preceding space, 
and changing the position of the last pulse in the multi- 
pulse stream used for pulse formation according to the 
relationship between the length of the particular mark 
and the length of the following space. This control of 
recording pulse position is typically referred to as 
recording compensation. There are values in the 
recording pulse parameters (recording compensation 
parameters) that differ in specific mark and space com- 
binations, resulting in tables such as shown in Fig. 2. 
The relationship between mark and space positions 
resulting from the values shown in the tables is shown in 
Fig. 3. 

[0004] The recording pulse parameters for accom- 
plishing recording compensation must be prestored to 



the optical disc or the disc recorder in order to achieve 
an actual optical disc recording and reproducing appa- 
ratus. Plural discs with different characteristics, that is, 
with different recording pulse parameters, can be used 
5 by recording these values to the disc so that the record- 
ing device can read the values when the disc is used. 

Disclosure Of Invention 

10 (Technical problem to be solved by the invention) 

[0005] Due to environmental changes and varia- 
tions in the characteristics of components used in mass- 
produced optical disc recording and reproducing 

is devices, the individual devices will not necessarily have 
identical characteristics. Considering, for example, a 
head having the laser and a laser driving means used 
for recording, the pulse width will change due primarily 
to variation in the laser characteristics even if the same 

20 current waveform is supplied to the laser. Individual 
devices will also not necessarily produce the same 
emission waveform. A certain amount of variation also 
occurs in the characteristics of mass produced optical 
discs, and the same mark shape will not necessarily be 

25 achieved with each individual disc even if recorded with 
identical emission waveforms. 

[0006] Therefore, a problem has been that if stand- 
ard recording pulse parameters determined by a refer- 
ence device having standard characteristics using a 

30 reference disc having standard characteristics are used 
as is with mass-produced discs and devices having 
characteristics that deviate from the standard character- 
istics, recording and reproduction will not be possible 
depending upon the particular combination, and quality 

35 defects occur. 

[0007] Moreover, while the problem is small if the 
discs are manufactured under sufficient quality control 
and deviation from the standard characteristics is mini- 
mal, if the standard recording pulse parameters prere- 

40 corded to the disc differ greatly from actual disc 
performance, it will not be possible to achieve full per- 
formance from the disc even if the standard recording 
pulse parameters read by the device from the disc are 
faithfully reproduced. 

45 [0008] The present invention solves the aforemen- 
tioned problems and has as a first object to provide, in 
an optical disc recording parameter determining 
method that reads the above-noted standard recording 
pulse parameters from a writable optical disc having 

so standard recording pulse parameters prerecorded to a 
specific area thereof, sets the recording pulse parame- 
ters of a recording and reproducing apparatus, and 
records and reproduces data, an optical disc recording 
parameter determining method whereby the effects of 

55 variation in the characteristics of a writable optical disc 
and recording and reproducing apparatus can be 
reduced. 

[0009] Furthermore, a second object is to provide 
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an optical disc recording parameter determining 
method whereby good recording characteristics can be 
achieved even when there is a difference between the 
optical disc characteristics and standard recording 
pulse parameters of a writable optical disc having 
standard recording pulse parameters prerecorded to a 
specific area thereof. 

[0010] Furthermore, a third object is to provide an 
optical disc recording parameter determining method 
capable of reducing the number of read/write operations 
and shortening the required time compared with the 
optical disc recording parameter determining method 
achieving the above-noted second object. 

(Method of resolving the problem) 

[001 1] To achieve the above-noted first object, in an 
optical disc recording parameter determining method 
for reading standard recording pulse parameters from a 
writable optical disc to which standard recording pulse 
parameters are prerecorded to a specific area, setting 
the recording pulse parameters of a recording and 
reproducing device, and recording and reproducing 
data: all plural leading mark-edge pulse parameters, 
which are determined according to a particular mark 
length and preceding space length combination, and all 
trailing mark-edge pulse parameters, which are deter- 
mined according to a particular mark length and follow- 
ing space length combination, in the standard recording 
pulse parameters are uniformly shifted a specific time; 
and a value corrected from the standard parameters so 
that the read/write signal jitter is less than or equal to an 
allowed value is set as a recording pulse parameter of 
the recording and reproducing device for reading and 
writing data. 

[0012] Furthermore, to achieve the above-noted 
second object, recording patterns are recorded corre- 
sponding to each of plural leading mark-edge pulse 
parameters defined by a preceding space length and 
particular mark length combination, and each of plural 
trailing mark-edge pulse parameters defined by a par- 
ticular mark length and following space length combina- 
tion in the standard recording pulse parameters; and the 
values individually correcting the standard parameters 
so that the read signal jitter is less than or equal to an 
allowed value are set as the recording pulse parameters 
of the recording and reproducing device and used for 
data reading and writing. 

[0013] Furthermore, to achieve the above-noted 
third object, recording patterns are recorded for each of 
the plural leading mark-edge pulse parameters selected 
from among the standard recording pulse parameters 
and determined by a preceding space length and partic- 
ular mark length combination, and each of the plural 
trailing mark-edge pulse parameters selected from 
among the standard recording pulse parameters and 
determined by a particular mark length and following 
space length combination, and the values individually 



correcting the standard parameters so that read signal 
jitter is less than or equal to an allowed value are set as 
the recording pulse parameters of the recording and 
reproducing device. For recording pulse parameters not 
5 selected, values interpolated from the correction values 
of the selected recording pulse parameters are set as 
the recording pulse parameters of the recording and 
reproducing device and used for data reading and writ- 
ing. 

w [0014] A first aspect of the present invention is a 
method for obtaining a recording pulse parameter that is 
a method for reading standard recording pulse parame- 
ters from a writable optical disc to which are prere- 
corded standard recording pulse parameters defining 

15 recording pulse position information for each of plural 
possible mark length and space length combinations, 
correcting a standard recording pulse parameter, and 
obtaining a best recording pulse parameter, said 
method: 

20 

performing a first test write to the optical disc using 
position information for all mark length and space 
length combinations in the standard recording 
pulse parameters; 

25 reproducing the first test write and detecting a first 
jitter from the reproduced signal; 
adding a first specific amount of change uniformly 
to the position information for all mark length and 
space length combinations in the standard record- 

30 ing pulse parameters, and performing a second test 
write to the optical disc using the uniformly changed 
position information; 

reproducing the second test write and detecting a 
second jitter from the reproduced signal; and 
35 comparing the first jitter and second jitter, and 
selecting the position information used for the test 
write with less jitter. 

[0015] A second aspect of the present invention is 
40 the method of the first aspect of the invention for obtain- 
ing a recording pulse parameter, this method further: 

adding a second specific amount of change uni- 
formly to the position information for all mark length 

45 and space length combinations in the standard 
recording pulse parameters, and performing a third 
test write to the optical disc using the uniformly 
changed position information; 
reproducing the third test write and detecting a third 

50 jitter from the reproduced signal; and 

comparing the first jitter, second jitter, and third jit- 
ter, and selecting the position information used for 
the test write with least jitter. 

55 [0016] A third aspect of the present invention is a 
method for obtaining a recording pulse parameter that is 
a method for reading standard recording pulse parame- 
ters from a writable optical disc to which are prere- 
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corded standard recording pulse parameters defining 
recording pulse position information for each of plural 
possible mark length and space length combinations, 
correcting a standard recording pulse parameter, and 
obtaining a best recording pulse parameter, said 
method: 

performing a first test write to the optical disc using 
position information for any one combination 
selected from all mark length and space length 
combinations in the standard recording pulse 
parameters; 

reproducing the first test write and detecting a first 
jitter from the reproduced signal; 
adding a first specific amount of change to the posi- 
tion information for the above one combination 
selected from all mark length and space length 
combinations in the standard recording pulse 
parameters, and performing a second test write to 
the optical disc using the changed position informa- 
tion; 

reproducing the second test write and detecting a 
second jitter from the reproduced signal; and 
comparing the first jitter and second jitter, and 
selecting the position information used for the test 
write with less jitter. 

[0017] A fourth aspect of the present invention is 
the method of the third aspect for obtaining a recording 
pulse parameter, said method further: 

adding a second specific amount of change to the 
position information for the above one combination 
selected from all mark length and space length 
combinations in the standard recording pulse 
parameters, and performing a third test write to the 
optical disc using the changed position information; 
reproducing the third test write and detecting a third 
jitter from the reproduced signal; and 
comparing the first jitter, second jitter, and third jit- 
ter, and selecting the position information used for 
the test write with least jitter. 

[0018] A fifth aspect of the present invention is the 
method of the third aspect for obtaining a recording 
pulse parameter wherein when there is first position 
information selected for any one combination, and sec- 
ond position information selected for a separate combi- 
nation, position information intermediately between the 
two combinations is obtained by interpolation from the 
first position information and the second position infor- 
mation. 

[0019] A sixth aspect of the present invention is an 
apparatus for obtaining a recording pulse parameter 
that is an apparatus for reading standard recording 
pulse parameters from a writable optical disc to which 
are prerecorded standard recording pulse parameters 
defining recording pulse position information for each of 



plural possible mark length and space length combina- 
tions, correcting a standard recording pulse parameter, 
and obtaining a best recording pulse parameter, said 
apparatus comprising: 

5 

a test writing means for performing a first test write 
to the optical disc using position information for all 
mark length and space length combinations in the 
standard recording pulse parameters, 
10 a jitter detection means for reproducing the first test 
write and detecting a first jitter from the reproduced 
signal, 

the test writing means adding a first specific 
15 amount of change uniformly to the position 

information for all mark length and space 
length combinations in the standard recording 
pulse parameters, and performing a second 
test write to the optical disc using the uniformly 
20 changed position information, and 

the jitter detection means reproducing the sec- 
ond test write and detecting a second jitter from 
the reproduced signal, 

25 and further comprising a selection means for com- 
paring the first jitter and second jitter, and selecting 
the position information used for the test write with 
less jitter. 

30 [0020] A seventh aspect of the present invention is 
the apparatus of the sixth aspect for obtaining a record- 
ing pulse parameter, wherein: 

the test writing means further adds a second spe- 
35 cific amount of change uniformly to the position 
information for all mark length and space length 
combinations in the standard recording pulse 
parameters, and performs a third test write to the 
optical disc using the uniformly changed position 
40 information; 

the jitter detection means reproduces the third test 
write and detects a third jitter from the reproduced 
signal; and 

the selection means compares the first jitter, sec- 
45 ond jitter, and third jitter, and selects the position 
information used for the test write with least jitter. 

[0021] An eighth aspect of the present invention is 
an apparatus for obtaining a recording pulse parameter 

so that is an apparatus for reading standard recording 
pulse parameters from a writable optical disc to which 
are prerecorded standard recording pulse parameters 
defining recording pulse position information for each of 
plural possible mark length and space length combina- 

55 tions, correcting a standard recording pulse parameter, 
and obtaining a best recording pulse parameter, said 
apparatus comprising: 
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a test writing means for performing a first test write 
to the optical disc using position information for any 
one combination selected from all mark length and 
space length combinations in the standard record- 
ing pulse parameters, and 
a jitter detection means for reproducing the first test 
write and detecting a first jitter from the reproduced 
signal, 

the test writing means adding a first specific 
amount of change to the position information 
for the above one combination selected from all 
mark length and space length combinations in 
the standard recording pulse parameters, and 
performing a second test write to the optical 
disc using the changed position information, 
and 

the jitter detection means reproducing the sec- 
ond test write and detecting a second jitter from 
the reproduced signal, and 

further comprising a selection means for comparing 
the first jitter and second jitter, and selecting the 
position information used for the test write with less 
jitter. 

[0022] A ninth aspect of the present invention is the 
apparatus of the eighth aspect for obtaining a recording 
pulse parameter, wherein: 

the test writing means adds a second specific 
amount of change to the position information for the 
above one combination selected from all mark 
length and space length combinations in the stand- 
ard recording pulse parameters, and performs a 
third test write to the optical disc using the changed 
position information; 

the jitter detection means reproduces the third test 
write and detects a third jitter from the reproduced 
signal; and 

the selection means compares the first jitter, sec- 
ond jitter, and third jitter, and selects the position 
information used for the test write with least jitter. 

[0023] A tenth aspect of the present invention is the 
apparatus of the eighth aspect for obtaining a recording 
pulse parameter wherein when there is first position 
information selected for any one combination, and sec- 
ond position information selected for a separate combi- 
nation, position information intermediately between the 
two combinations is obtained by interpolation from the 
first position information and the second position infor- 
mation. 

(Beneficial effects compared with the related tech- 
nology) 

[0024] As noted above, in an optical disc recording 



parameter determining method that reads standard 
recording pulse parameters from a writable optical disc 
having standard recording pulse parameters prere- 
corded to a specific area thereof, and sets the recording 

5 pulse parameters of the recording and reproducing 
device for reading and writing data, the optical disc 
recording parameter determining method according to 
the present invention can reduce the effects of variation 
in the characteristics of the writable optical disc and the 

70 recording and reproducing device. In addition, good 
recording characteristics can be achieved even there is 
a difference between the optical disc characteristics and 
the standard recording pulse parameters of the optical 
disc to which standard recording pulse parameters are 

15 prerecorded to a specific area thereof. Therefore, the 
invention has the effect of improving yield in the mass 
production of optical discs and recording and reproduc- 
ing devices, improving product quality, and reducing 
cost. 

20 

Brief Description Of Drawings 
[0025] 

25 Fig. 1 is a block diagram of an optical disc recording 
and reproducing apparatus according to a preferred 
embodiment of the present invention. 
Fig. 2 is a table showing recording pulse parame- 
ters. 

30 Fig. 3 is a descriptive illustration of recording pulse 
parameters. 

Fig. 4 is a characteristics graph showing jitter 
measurement results in a first embodiment of the 
invention. 

35 Fig. 5 shows uniform time shift tables in the first 
embodiment of the invention. 
Fig. 6 shows tables of specific numeric values for 
uniform time shift. 

Fig. 7 shows recording pattern waveforms in a sec- 
40 ond embodiment of the invention. 

Fig. 8 is a waveform diagram showing a recording 
and reproducing operation in a second embodiment 
of the invention. 

Fig. 9 is a waveform diagram showing a recording 
45 and reproducing operation in a second embodiment 
of the invention. 

Fig. 10 is a waveform diagram showing a recording 
and reproducing operation in a second embodiment 
of the invention. 
50 Fig. 11 is a waveform diagram showing a jitter 
measurement method. 

Best Mode for Carrying Out the Invention 

55 [0026] Three preferred embodiments of the present 
invention are described next below using an actual opti- 
cal disc and recording and reproducing apparatus. 
[0027] A recording method used in the present 
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embodiment is described first. When data is written to 
an optical disc, the data is written to disc as mark and 
space length information using a multipulse mark-edge 
recording process. The modulation process combines 
an integer number of mark lengths from 3T to 14T 5 
(where T is the time of one clock period) and space 
lengths from 3T to 14T. It is further assumed in the 
present embodiment that mark shape distortion and 
mark-mark thermal interference occurs at the mark- 
space boundary area in combinations of marks of 10 
length 3T, 4T, and 5T or greater (referred to below as 
3Tm, 4Tm, and 5Tm) and spaces of length 3T, 4T, and 
5T or greater (referred to below as 3Ts, 4Ts, and 5Ts). 
[0028] A single mark has contact with an adjacent 
space at two places, i.e., at the leading edge and the 15 
trailing edge of the mark. It is therefore possible to 
record marks of the correct length by means of record- 
ing compensation whereby the edge positions of the 
recording pulses used for recording are adjusted 
according to the mark and space combination. If combi- 20 
nations of 5Tm or greater and 5Ts or greater are treated 
as a single combination, there are 3 x 3 or 9 different 
leading mark-edge pulse parameters, and 3 x 3 or 9 dif- 
ferent trailing mark-edge pulse parameters, each of 
which can set parameters with different values so that 25 
there are settings for a total of 18 parameters. Fig. 2 
shows tables of leading mark-edge pulse parameters 
and trailing mark-edge pulse parameters. In table (A) of 
Fig. 2, for example, the top left entry 5Ts5Tm repre- 
sents the parameter for a leading mark-edge pulse at 30 
the boundary between a 5T or longer space and a 5T or 
longer mark following thereafter. In table (B) in Fig. 2, 
the top right entry 3Tm5Ts represents the parameter for 
a trailing mark-edge pulse at the boundary between a 
3T mark and a 5T or longer space following thereafter. 35 
[0029] As shown in Fig. 3, entries such as 5Ts5Tm 
(where Ts is first and Tm is next) in the Fig. 2 tables indi- 
cate the positional relationship between the leading 
edge of the recording pattern to be recorded to optical 
disc and the first pulse in the successive recording 40 
pulses for actually driving the laser, and entries such as 
5Tm5Ts (where Tm is first and Ts is next) indicate the 
positional relationship between the trailing edge of the 
recording pattern to be recorded to optical disc and the 
last pulse in the successive recording pulses for actually 45 
driving the laser. In other words, Fig. 3 shows the rela- 
tionship between recording pulses and the marks and 
spaces formed on disc based on these values. 
[0030] For example, the leading mark-edge pulse 
parameter in Fig. 2 of 3Ts5Tm defines the parameters so 
for forming a mark 5Tm or greater in length when the 
space immediately therebefore is 3Ts long. What this 
parameter means is that, as shown at the bottom left in 
Fig. 3, to record a 5T or longer mark after a 3T space, 
the leading edge position of the recording pulse is 55 
shifted the value of 3Ts5Tm from the leading edge (that 
is, the space-mark boundary) of the recording pattern. 
[0031] The eighteen parameters shown in Fig. 2 are 



determined using a reference disc defining standard 
characteristics and a standard recording and reproduc- 
ing device. The recording pulse parameters thus deter- 
mined are pre-recorded to a specific area of the disc as 
standard recording pulse parameters. It should be 
noted that other items are also included in these stand- 
ard recording pulse parameters, including, for example, 
the width of the first pulse, the middle pulses, and the 
last pulse in a recording pulse string, and the width of 
the cooling pulse appended after the last pulse. The 
present embodiments are, however, described below 
using by way of example pulse parameters that change 
appropriately according to the mark and space pattern 
combination being recorded. 

(Embodiment 1 ) 

[0032] Fig. 1 is a block diagram of an optical disc 
recording and reproducing device that implements the 
optical disc recording parameter determining method of 
the present invention. The components and signals of 
this device are described first. Reference numeral 1 is a 
writable phase-change type optical disc; reference 
numeral 2 is a motor for rotating the optical disc 1 ; refer- 
ence numeral 3 is a head for reading recorded data from 
the rotating optical disc 1 and obtaining read signal 4; 
reference numeral 5 is an equalization and digitizing 
means for obtaining a digital binary signal 6 from the 
analog read signal by means of a duty feedback slice 
method after compensating the frequency characteristic 
of read signal 4; reference numeral 7 is a PLL for detect- 
ing the edge of binary signal 6, generating a read clock 
synchronized thereto, and converting the binary signal 6 
to data 8 synchronized to the read clock, and outputting 
as phase difference pulse 11 the time-based offset 
between the edge of the read clock and the edge of 
binary signal 6; reference numeral 9 is a standard 
recording pulse parameter demodulator for detecting 
standard recording pulse parameters 10 from data 8; 
reference numeral 12 is a jitter measuring means for dif- 
ferentiating phase difference pulse 1 1 based on the high 
or low state of binary signal 6, converting the average 
pulse width to a voltage, and outputting leading mark- 
edge jitter voltage 13 and trailing mark-edge jitter volt- 
age 14; reference numeral 22 is a read/write controller 
for storing past leading mark-edge jitter voltage 13 and 
trailing mark-edge jitter voltage 14 values, and output- 
ting correction value 23 based on the magnitude of the 
values relative to a specific tolerance value; reference 
numeral 25 is a changing means for determining the 
change to be applied to the value of the standard 
recording pulse parameters 10, and outputting the 
change as correction value 23; reference numeral 24 is 
a recording pulse parameter correcting means for out- 
putting as recording pulse parameter setting 18 a value 
obtained by adding correction value 23, that is, the 
change, to standard recording pulse parameters 1 0; ref- 
erence numeral 15 is a pattern generator for generating 
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the recording pattern used for determining the recording 
pulse parameter; reference numeral 17 is a recording 
compensator for converting recording pattern 1 6 to mul- 
tipulse data 19 based on recording pulse parameter set- 
ting 18; and reference numeral 20 is a laser driving 5 
means for driving the laser mounted on head 3 with a 
specific current according to multipulse data 19. 
[0033] The head 3 emits a laser beam with the cur- 
rent 21 supplied from laser driving means 20 to record 
to optical disc 1 . 

[0034] The jitter measuring means 1 2 measures as 
follows. 

[0035] In Fig. 1 1 waveform (A) is the recording pat- 
tern generated by the pattern generating means 15, 
waveform (B) is the recording pulse generated by the 
laser driving means 20, waveform (C) shows the record- 
ing marks, waveform (D) is the read signal 4 obtained 
from head 3, waveform (E) is the binary signal obtained 
from equalization and digitizing means 5, waveform (F) 
is the read clock internally generated by the PLL 7. 
Waveforms (G), (H), and (I) show the jitter measure- 
ments for different cases. Because the leading edge of 
the binary signal and the edge of the read clock are syn- 
chronized at the point where the recording pattern cor- 
responds to the leading edge of the 8Tm pulse in each 
of the waveforms (G), (H), and (I) in Fig. 1 1 , jitter distri- 
bution centers on this point of edge-edge synchroniza- 
tion. 

[0036] Fig. 11 shows jitter distribution when the 
leading edge of the binary signal is advanced (wave- 
form (G)), synchronized (waveform (H)), and delayed 
(waveform (I)) relative to the read clock edge at the point 
where the recording pattern corresponds to the leading 
edge of the 4Tm pulse. When advanced, jitter distribu- 
tion centers on the advanced edge of the binary signal. 
When synchronized, jitter distribution centers on the 
synchronized edge, and when delayed, jitter distribution 
centers on the delayed edge. This jitter distribution is 
shown accumulated on the time axis and superimposed 
at the right end of waveforms (G), (H), and (I). When the 
edges are mostly synchronized (waveform (H)), the 
width of the superimposed jitter distribution is narrow. 
When advanced (waveform (G)) or delayed (waveform 
(I)) edges are included, the width of the superimposed 
jitter distribution becomes wider. 
[0037] The result of thus accumulating and super- 
imposing the distribution of leading mark-edge jitter at a 
specific time interval is output as signal 13, and the 
result of accumulating and superimposing the distribu- 
tion of trailing mark-edge jitter at a specific time interval 
is output as signal 14. These signals 13 and 14 indicate 
the degree of jitter, and are sent as the measured result 
to read/write controller 22. 

[0038] The pattern generating means 15 contains a 
random pattern generator 15a for generating a random 
pattern, and a specific pattern generator 15b for gener- 
ating a specific predetermined pattern. It should be 
noted that the random pattern generator 15a is used in 



the first preferred embodiment of the invention, and the 
specific pattern generator 15b is used in the second 
preferred embodiment of the invention. 
[0039] The changing means 25 contains a uniform 
changer 25a for uniformly changing all nine default val- 
ues in the standard recording pulse parameters, and an 
individual changer 25b for individually changing the nine 
default values. 

[0040] The operating steps of the present embodi- 
ment are described next. The first step reads the stand- 
ard recording pulse parameters prerecorded to the 
optical disc 1 . To accomplish this, the head 3 moves the 
spot to a specific area on the rotating optical disc 1 , and 
traces the track to which the standard recording pulse 
parameters are prerecorded. The read signal 4 at this 
time is converted by the equalization and digitizing 
means 5 to binary signal 6, and synchronized data 8 is 
obtained by PLL 7. The standard recording pulse 
parameters 1 0 are then extracted from data 8 by stand- 
ard recording pulse parameter demodulator 9. A spe- 
cific example of the standard recording pulse 
parameters 10 is shown in tables (B) and (E) of Fig. 6. 
Default values for all combinations at a leading mark- 
edge are set in table (B) as leading mark-edge pulse 
parameters, and default values for all combinations at a 
trailing mark-edge are set in table (E) as trailing mark- 
edge pulse parameters. Numeric values such as 2, 4, 
and 6 in the tables are in nanosecond units, and the 
recording clock period T is 1 7 nanoseconds. 
[0041] The second step attempts writing data to 
optical disc using the standard recording pulse parame- 
ters. To accomplish this the laser spot of the head 3 is 
first moved to a writable track on the optical disc 1 . The 
pattern generating means 1 5 generates a random sig- 
nal 16 from the random pattern generator 15a as the 
recording pattern. The above-noted standard recording 
pulse parameters 10 are applied directly as recording 
pulse parameter setting 18 without correction by the 
recording pulse parameter correcting, means 24. The 
recording compensator 17 converts the random signal 
16 to multipulse data 19 based on the recording pulse 
parameter setting. As shown in Fig. 8, for example, 
when a 6Ts4Tm (a 6T space and following 4T mark) 
signal is contained in the random signal 16, the leading 
edge of the recording pulse for the 4T mark is shifted +4 
ns in the time base direction based on the values in 
table (B) of Fig. 6. As further shown in Fig. 8, when a 
4Tm6Ts (a 4T mark and following 6T mark) signal is 
contained in the random signal 16, the edge of the last 
recording pulse for the 4T mark is shifted -25 ns in the 
time base direction based on the values in table (E) of 
Fig. 6. This shifting of the first and last pulses can cause 
the entire pulse to shift or the leading edge of each 
pulse. The multipulse data 19 in which the first pulse 
and last pulse are thus shifted is converted in the laser 
driving means 20 to current 21 for driving the laser, and 
supplied to head 3. The head 3 then records to a writa- 
ble track. 
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[0042] The third step reproduces the random data 
test written using the multipulse data 19 in which pulses 
were shifted based on the standard recording pulse 
parameters, and measures jitter in the reproduced sig- 
nal. To accomplish this the track recorded in the second 
step is read by head 3, and equalization and digitizing 
means 5 obtains binary signal 6. The PLL 7 generates a 
read clock from binary signal 6, and outputs the phase 
difference pulse 11 of the read clock and binary signal. 
The jitter measuring means 12 separately detects the 
leading mark-edge jitter voltage 1 3 and trailing mark- 
edge jitter voltage 14. The detected results, that is, lead- 
ing mark-edge jitter voltage Vf(0) and trailing mark-edge 
jitter voltage Vr(0), are stored to read/write controller 22. 
It should be noted that the 0 written here in parentheses 
indicates a standard parameter. If jitter voltages Vf(0) 
and Vr(0) are recorded, the changing means 25 is so 
informed and step 4 is then performed. 
[0043] The fourth step uniformly changes standard 
recording pulse parameters 10 sent from the standard 
recording pulse parameter demodulator 9 by means of 
the uniform changer 25a in the changing means 25, that 
is, time shifts and test writes the data to the optical disc. 
The standard recording pulse parameters are shown in 
tables (B) and (E) in Fig. 5, and examples of tables (B) 
and (E) being uniformly changed are shown in tables 
(A) and (D). The top and bottom middle tables (B) and 
(E) in Fig. 5 are the standard recording pulse parame- 
ters read from disc. The left table (A) shows correction 
values obtained by uniformly adding 1 to the values of 
the standard recording pulse parameters for the leading 
mark-edge pulse. The left table (D) shows correction 
values obtained by uniformly adding -1 to the standard 
recording pulse parameters for the trailing mark-edge 
pulse. The right table (C) likewise shows the correction 
values obtained by adding -1 uniformly to the standard 
recording pulse parameters of the leading mark-edge 
pulse, and the right table (F) shows the correction val- 
ues obtained by adding 1 uniformly to the standard 
recording pulse parameters of the trailing mark-edge 
pulse. Examples of specific values substituted for the 
values shown in tables (A) to (F) of Fig. 5 are shown in 
tables (A) to (F) of Fig. 6. 

[0044] it is here assumed that test writing to disc in 
the fourth step uses the correction values in table (A), 
that is, the standard leading edge parameter +1, and 
table (D), that is, the standard trailing edge parameter - 
1 . The uniform changer 25a outputs a value of +1 for the 
leading mark-edge pulse parameter, and -1 as the trail- 
ing mark-edge pulse parameter, as the correction value 
23. The correction values 23 are then applied to the 
standard recording pulse parameters 10 by the record- 
ing pulse parameter correcting means 24 to output 
recording pulse parameter settings 18. A random signal 
is then recorded to optical disc 1 as in the second step. 
[0045] The fifth step reproduces the random data 
recorded in the fourth step, and measures jitter in the 
reproduced signal. As in the third step, leading mark- 



edge jitter voltage Vf(+1) and trailing mark-edge jitter 
voltage Vr(-1) are stored to read/write controller 22. 
Note that the values written in parentheses here indi- 
cate the change from the standard parameter. 

5 [0046] The fourth and fifth steps are then repeated 
while changing the correction value 23, and the jitter 
voltage values are collected. The correction values 23 
for the leading mark-edge pulse parameter and trailing 
mark-edge pulse parameter change in pairs, such as 

10 (+1 , -1 ), (+2, -2), (-1 , +1 ), (-2, +2) as shown in Fig. 4. An 
example of the (+1, -1) change is shown in tables (A) 
and (D) of Fig. 5 with corresponding specific values 
shown in tables (A) and (D) of Fig. 6. In this preferred 
embodiment of the invention a change of +1 indicates a 

15 change of +1 nanosecond. Points plotted as shown in 
Fig. 4 by uniformly changing the standard recording 
pulse parameters using correction value 23 are 
recorded by read/write controller 22. 
[0047] Two examples of jitter voltage Vf and Vr 

20 measurements obtained by uniformly changing the cor- 
rection value 23 as described above are shown in Fig. 4. 
The pair of leading mark-edge pulse parameters and 
trailing mark-edge pulse parameters where the jitter 
voltage is lowest or is less than or equal to the allowed 

25 value is used. If the characteristics of the optical disc 
that is used, the prerecorded standard recording pulse 
parameters, and the characteristics of the recording and 
reproducing device match, jitter voltage Vf at the leading 
mark-edge and jitter voltage Vr at the trailing mark-edge 

30 will both be smallest or below the allowed value when 
the correction value is 0 as shown in Fig. 4 (A). On the 
other hand, if the characteristics of the optical disc that 
is used, the prerecorded standard recording pulse 
parameters, and the characteristics of the recording and 

35 reproducing device do not match, jitter voltage at the 
trailing mark-edge will exceed the allowed value when 
the correction value is 0, and will be smallest or below 
the allowed value when the correction value is not 0 as 
shown in Fig. 4 (B). 

40 [0048] This embodiment of the present invention is 
a recording parameter determining method that focuses 
on uniformly correcting recording pulse parameters and 
the change in jitter in the reproduced signal, and is char- 
acterized by selecting from among the combinations of 

45 leading mark-edge jitter and trailing mark-edge jitter 
obtained by test writing under the various parameters 
the combination whereby the greater of the leading 
edge and trailing edge jitter values is smallest or less 
than or equal to the allowed value, and using the 

50 selected combination to set the optimum recording 
parameters for the recording and reproducing device. 
[0049] The sixth step determines the recording 
pulse parameter settings used thereafter by the record- 
ing and reproducing device based on the jitter voltages 

55 collected in the fourth and fifth steps. The recording 
pulse parameter correcting means 24 in Fig. 1 selects 
from the set of leading mark-edge jitter voltages and 
trailing mark-edge jitter voltages for each correction 
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value the correction value at which the greater of the 
leading edge and trailing edge jitter voltages is less than 
or equal to the allowed value, and uses the selected 
value thereafter as the recording parameters for the 
recording and reproducing device. 
[0050] If less than or equal to is used as the condi- 
tion for using a correction value, the pair where the lead- 
ing mark-edge and trailing edge pulse parameter 
correction values are (-1, +1) can be used, or the pair 
where the leading mark-edge and edge trailing pulse 
parameter correction values are (0, +1) can be used. 
[0051] The selected correction values are used for 
recording to the optical disc currently loaded in the 
recording and reproducing device. 
[0052] Through the above steps, this embodiment 
of the present invention reads standard recording pulse 
parameters prerecorded to optical disc; from among 
these standard recording pulse parameters uniformly 
shifts all plural leading mark-edge pulse parameters, 
which are determined according to a particular mark 
length and preceding space length combination, and all 
trailing mark-edge pulse parameters, which are deter- 
mined according to the particular mark length and fol- 
lowing space length combination, a specific amount 
along the time base; selects and sets as the recording 
pulse parameters of the recording and reproducing 
device the value corrected from the standard parame- 
ters so that the read/write signal jitter is less than or 
equal to an allowed value; and reads and writes data 
using this set value. It is therefore possible by means of 
the present invention to reduce the effects of variation in 
the characteristics of a writable optical disc and record- 
ing and reproducing device, and constantly achieve the 
best optical disc recording and reproducing conditions. 
[0053] It should be noted that the present embodi- 
ment was described as a method in which the trailing 
mark-edge pulse parameter is adjusted -1 when the 
leading mark-edge pulse parameter is adjusted +1 as 
correction values 23, but the invention shall not be lim- 
ited to these numeric values. There are various combi- 
nations whereby the leading edge and trailing edge 
parameters can be uniformly corrected, and the effect of 
the present invention minimizing jitter can be achieved 
even with other correction values. 

(Embodiment 2) 

[0054] Described next below is a specific optical 
disc recording parameter determining method whereby 
good recording characteristics can be achieved with a 
writable optical disc wherein standard recording pulse 
parameters are recorded to a specific disc area even 
when there is a difference between the optical disc 
characteristics and standard recording pulse parame- 
ters. This second embodiment of the invention is also 
described with reference to Fig. 1 . Those parts that dif- 
fer from the above first embodiment are described 
below while further description of the same parts is 



omitted. In this embodiment two of the eighteen record- 
ing pulse parameters, that is, 5Ts5Tm and 5Tm5Ts, use 
the standard recording pulse parameters as is. Twelve 
different corresponding recording patterns are used to 
5 determine the remaining sixteen recording pulse 
parameters. These twelve recording patterns are gener- 
ated by the specific pattern generator 15b of the pattern 
generating means 15. 

[0055] The relationship between the recording 
10 pulse parameters and the recording pattern used is 
shown in Fig. 7. 

[0056] Recording pattern (1 ) shown in Fig. 7 (A), for 
example, is used to determine the leading mark-edge 
pulse parameter 5Ts4Tm for forming a 4Tm mark after 

15 a preceding mark of 5Ts or greater. Recording pattern 
(1) is a repeated signal of 8Tm, 6Ts, 4Tm, 6Ts. 
[0057] All of the recording patterns are character- 
ized by the total mark length and total space length 
being equal, containing two marks and two spaces, 

20 changing the edge to be determined, and using the 
other three edges fixed. In Fig. 7 the leading mark-edge 
to be changed is indicated with a circle (o), and the trail- 
ing mark-edge to be changed is indicated with a star (*). 
All others are fixed edges. 

25 [0058] The operating steps of the present embodi- 
ment are described below. An example using recording 
pattern (1) to determine the leading mark-edge pulse 
parameter 5Ts4Tm for forming a 4Tm mark after a pre- 
ceding mark of 5Ts or greater is described in detail 

30 below by way of example, but it should be noted that the 
steps for determining other recording pulse parameters 
are identical except for using a different recording pat- 
tern. 

[0059] In the first step the standard recording pulse 
35 parameters prerecorded to optical disc 1 are read. This 
step is the same as in the first embodiment. 
[0060] The second step test writes the specific 
recording pattern (1) for determining the recording 
pulse parameter 5Ts4Tm to optical disc. The standard 
40 recording pulse parameter for 5Ts4Tm is output directly 
as recording pulse parameter setting 18, and recording 
pattern (1) is converted by recording compensator 18 
based on the recording pulse parameter setting to mul- 
tipulse data 19. The multipulse data 19 is converted by 
45 laser driving means 20 to current 21 for driving the laser, 
and supplied to head 3. The head 3 then records to a 
writable track. 

[0061] The third step reproduces the test written 
recording pattern (1) and measures jitter in the repro- 

so duced signal. To accomplish this the track recorded in 
the second step is read by head 3, and equalization and 
digitizing means 5 obtains binary signal 6. The PLL 7 
generates a read clock from binary signal 6, and outputs 
the phase difference pulse 1 1 of the read clock and 

55 binary signal. The jitter measuring means 12 outputs 
signal 13 indicating the leading mark-edge jitter voltage 
Vf(0) using the average width of the phase difference 
pulse 1 1 as the jitter voltage. Note that the 0 written in 
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parentheses here indicates that the change in the 
recording pulse with respect to the edge to be changed 
in recording pulse (1) is 0, that is, that the jitter voltage 
was obtained as a result of directly using the default 
value 4 from the standard recording pulse parameters 5 
10 (the value corresponding to 5Ts4Tm in table (B) of 
Fig. 6). It should be noted that because this step obtains 
the leading mark-edge pulse parameter, only leading 
mark-edge jitter voltage Vf is detected. Conversely, 
when the trailing mark-edge pulse parameter is 10 
obtained, only the trailing mark-edge jitter voltage Vr is 
detected. The detected leading mark-edge jitter voltage 
Vf(0) is then stored to read/write controller 22. If jitter 
voltage Vf(0) is recorded, the changing means 25 is so 
informed and step 4 is then performed. 15 
[0062] In the fourth step the individual changer 25b 
of the changing means 25 outputs +1 , for example, as 
the correction value 23 for the default value 4 of leading 
mark-edge pulse parameter 5Ts4Tm. The recording 
pulse parameter correcting means 24 outputs value 5, 20 
that is, the correction value 23 +1 added to the default 
value 4 of the 5Ts4Tm contained in the standard record- 
ing pulse parameters 10, as recording pulse parameter 
setting 18. Recording pattern (1) is then written to opti- 
cal disc 1 as in the second step. 25 
[0063] The fifth step reproduces the recording pat- 
tern (1 ) recorded in the fourth step, and measures jitter 
in the reproduced signal. As in the third step, leading 
mark-edge jitter voltage Vf(1) is stored to read/write 
controller 22. Moreover, steps four and five are repeated 30 
while changing the correction value 23, and the jitter 
voltages are collected. 

[0064] The read/write waveforms obtained when 
the correction value 23 for recording pulse parameter 
5Ts4Tm is changed to +1, +2, and +3 using recording 35 
pattern (1) are shown in Fig. 8, Fig. 9, and Fig. 10, 
respectively. 

[0065] In Fig. 8 (B), 5Ts4Tm is corrected +1 . When 
the recording pattern is recorded using this parameter, 
the leading edge of the recorded 4T mark is shifted to ao 
the left of the ideal position as shown in Fig. 8 (C). The 
phase difference pulse (Fig. 8 (G)) indicating the phase 
shift between the read clock (Fig. 8 (F)) and the binary 
signal (Fig. 8 (E)) digitizing the reproduced signal (Fig. 
8 (D)) is therefore wider at the leading edge part of the as 
4T mark. The jitter voltage Vf(+1 ) indicating the average 
phase difference pulse width is therefore high. 
[0066] In Fig. 9 (B), 5Ts4Tm is corrected +2. When 
the recording pattern is recorded using this parameter, 
the leading edge of the recorded 4T mark is at the ideal so 
position as shown in Fig. 9 (C). As a result, all phase dif- 
ference pulses (Fig. 9 (G)) indicating the phase shift 
between the read clock (Fig. 9 (F)) and the binary signal 
(Fig. 9 (E)) digitizing the reproduced signal (Fig. 9 (D)) 
are narrow. The jitter voltage Vf(+2) indicating the aver- 55 
age phase difference pulse width is therefore low. 
[0067] Furthermore, 5Ts4Tm is corrected +3 in Fig. 
10 (B). When the recording pattern is recorded using 



this parameter, the leading edge of the recorded 4T 
mark is shifted to the right from the ideal position as 
shown in Fig. 10 (C). The phase difference pulse (Fig. 
10 (G)) indicating the phase shift between the read 
clock (Fig. 10(F)) and the binary signal (Fig. 10(E)) dig- 
itizing the reproduced signal (Fig. 10 (D)) is therefore 
wider at the leading edge part of the 4T mark. The jitter 
voltage Vf(+3) indicating the average phase difference 
pulse width is therefore high. 

[0068] This embodiment of the present invention is 
a recording parameter determining method that focuses 
on correction of the recording pulse parameters and 
change in the reproduced jitter voltage, and is charac- 
terized by using as the best recording parameter of the 
device the correction value whereby the leading mark- 
edge jitter obtained by test writing under the different 
parameters is less than or equal to an allowed value. 
[0069] The sixth step sets the recording pulse 
parameter 5Ts4Tm used thereafter by the recording 
and reproducing device based on the jitter voltages Vf 
collected in steps four and five. That is, the case in 
which the jitter voltage Vf is lowest or less than or equal 
to the allowed value is obtained from the plural test writ- 
ing and reading operations, and the correction value 
from that case is used. Using the cases shown in Fig. 8, 
Fig. 9, and Fig. 10 by way of example, a correction value 
of +2 for the leading mark-edge pulse parameter 
5Ts4Tm is used. The read/write controller 24 in Fig. 1 
thus selects the correction value at which the leading 
mark-edge jitter voltage is lowest or is less than or equal 
to the allowed value, and thereafter uses the selected 
correction value as the value of the recording and repro- 
ducing device for leading mark-edge pulse parameter 
5Ts4Tm. 

[0070] Test writing using recording pattern (1) is 
then performed in the same way to determine trailing 
mark-edge pulse parameter 4Tm5Ts, the correction 
value at which the trailing mark-edge jitter voltage Vr is 
less than or equal to the allowed value or is lowest is 
selected, and the selected correction value is thereafter 
used by the recording and reproducing device as the 
value for trailing mark-edge pulse parameter 4Tm5Ts. 
Next, test writing using recording pattern (2) is per- 
formed to determine the leading mark-edge pulse 
parameter 4Ts5Tm, the correction value whereby the 
leading mark-edge jitter voltage Vf is less than or equal 
to the allowed value or is lowest is selected, and the 
selected correction value is used thereafter by the 
recording and reproducing device as the value for lead- 
ing mark-edge pulse parameter 4Ts5Tm. Steps two to 
six are thus repeated while changing the recording pat- 
tern. 

[0071] Through the above steps, this embodiment 
of the present invention reads standard recording pulse 
parameters prerecorded to an optical disc; records 
recording patterns (Fig. 7 (A) to (P)) corresponding to 
each of plural leading mark-edge pulse parameters 
defined by a preceding space length and particular 
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mark length combination, and each of plural trailing 
mark-edge pulse parameters defined by a particular 
mark length and following space length combination, 
these parameters being a part of the standard recording 
pulse parameters; and sets as the recording pulse 5 
parameters of the recording and reproducing device for 
data reading and writing the values individually correct- 
ing the standard parameters so that the read signal jitter 
is less than or equal to an allowed value or is lowest. 
[0072] It is therefore possible by means of this 10 
method to constantly achieve the best optical disc read- 
ing and writing state even when there is a difference 
between the characteristics of the writable optical disc 
and the standard recording pulse parameters because 
the individual values of the recording pulse parameters 15 
can be corrected to a best value for the particular com- 
bination of optical disc and recording and reproducing 
device used. 

(Embodiment 3) 20 

[0073] Next is described a specific method for 
reducing the number of read/write operations and short- 
ening time required when compared with the steps of 
the second embodiment. 25 
[0074] When the leading mark-edge pulse parame- 
ter is 5Ts3Tm in Fig. 2, the correction value is deter- 
mined as described in the above-noted second 
embodiment using recording pattern (3) in Fig. 7. When 
the leading mark-edge pulse parameter is 3Ts3Tm in 30 
Fig. 2, the correction value is determined using record- 
ing pattern (1 1) in Fig. 7. Then, when the leading mark- 
edge pulse parameter is 4Ts3Tm, the correction value 
is not determined using recording pattern (7), but rather 
is calculated by, for example, interpolating the 4Ts3Tm 35 
correction value from the relationship between the 
5Ts3Tm correction value as determined above, the 
5Ts3Tm value of the standard parameters, the 3Ts3Tm 
correction value as determined above, the 3Ts3Tm 
value of the standard parameters, and the 4Ts3Tm 40 
value of the standard parameters. Because the opera- 
tion for determining the 4Ts3Tm correction value is an 
electrical computation, the time required is significantly 
less when compared with actually writing and reading 
recording pattern (7). 45 
[0075] In other words, this embodiment of the 
present invention is characterized by not determining all 
recording pulse parameters by recording and reproduc- 
ing corresponding recording patterns, and interpolating 
some of the parameters by calculation from other so 
parameters. 

[0076] As a result, the optical disc recording and 
reproducing device shown in Fig. 1 records recording 
patterns for each of the plural leading mark-edge pulse 
parameters selected from among the standard record- 55 
ing pulse parameters and determined by a preceding 
space length and particular mark length combination, 
and each of the plural trailing mark-edge pulse parame- 



ters selected from among the standard recording pulse 
parameters and determined by a particular mark length 
and following space length combination, and sets as the 
recording pulse parameters of the recording and repro- 
ducing device the values individually correcting the 
standard parameters so that read signal jitter is less 
than or equal to an allowed value (part of this process 
being the same as the steps of the second embodiment 
of the invention). 

[0077] For recording pulse parameters not 
selected, the read/write controller 24 sets the values 
obtained by interpolation from the correction values of 
selected recording pulse parameters as the recording 
pulse parameter of the recording and reproducing 
device, and uses this interpolated value for data reading 
and writing. As a result, the time required to determine 
and set all of the recording pulse parameters can be sig- 
nificantly shortened. 

[0078] It should be noted that this embodiment of 
the invention has been describing using the standard 
recording pulse parameters read from optical disc 
directly as the 5Ts5Tm and 5Tm5Ts recording pulse 
parameters, but the invention shall not be so limited. For 
example, the recording parameter determining method 
of the present invention can be applied after correction 
by a method such as recording a repeated 6Tm6Ts sig- 
nal and detecting asymmetry or duty. Moreover, while 
the patterns shown in Fig. 7 are used as the recording 
patterns, jitter detection is possible insofar as the pat- 
tern contains an at least one edge of an attribute to be 
determined, contains two marks and two spaces, and 
the total length of marks and the total length of spaces 
in the pattern are the same. 

[0079] The first and second embodiments of the 
invention have been described using a recording wave- 
form with only two power levels, but the same effect can 
be achieved using multiple power levels. In addition, 
while the embodiments have been described with 3x3 
x 2 = 18 recording pulse parameters, the invention can 
also be achieved if the number of parameters is 
increased to, for example, 4x4x2 parameters. In this 
case, however, the number of recording patterns used 
in the second embodiment above must be increased 
according to the number of parameters. 

Claims 

1 . A method for obtaining a recording pulse parameter 
that is a method for reading standard recording 
pulse parameters from a writable optical disc to 
which are prerecorded standard recording pulse 
parameters defining recording pulse position infor- 
mation for each of plural mark length and space 
length combinations, correcting a standard record- 
ing pulse parameter, and obtaining a best recording 
pulse parameter, said method: 

performing a first test write to the optical disc 
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using position information for ail mark length 
and space length combinations in the standard 
recording pulse parameters; 
reproducing the first test write and detecting a 
first jitter from the reproduced signal; 5 
adding a first specific amount of change uni- 
formly to the position information for all mark 
length and space length combinations in the 
standard recording pulse parameters, and per- 
forming a second test write to the optical disc 10 
using the uniformly changed position informa- 
tion; 

reproducing the second test write and detect- 
ing a second jitter from the reproduced signal; 
and 15 
comparing the first jitter and second jitter, and 
selecting the position information used for the 
test write with less jitter. 

2. A method for obtaining a recording pulse parameter 20 
as described in claim 1 , said method further: 

adding a second specific amount of change 
uniformly to the position information for all mark 
length and space length combinations in the 25 
standard recording pulse parameters, and per- 
forming a third test write to the optical disc 
using the uniformly changed position informa- 
tion; 

reproducing the third test write and detecting a 30 
third jitter from the reproduced signal; and 
comparing the first jitter, second jitter, and third 
jitter, and selecting the position information 
used for the test write with least jitter. 

35 

3. A method for obtaining a recording pulse parameter 
that is a method for reading standard recording 
pulse parameters from a writable optical disc to 
which are prerecorded standard recording pulse 
parameters defining recording pulse position infer- 40 
mation for each of plural possible mark length and 
space length combinations, correcting a standard 
recording pulse parameter, and obtaining a best 
recording pulse parameter, said method: 

45 

performing a first test write to the optical disc 
using position information for any one combina- 
tion selected from all mark length and space 
length combinations in the standard recording 
pulse parameters; so 
reproducing the first test write and detecting a 
first jitter from the reproduced signal; 
adding a first specific amount of change to the 
position information for the above one combi- 
nation selected from all mark length and space 55 
length combinations in the standard recording 
pulse parameters, and performing a second 
test write to the optical disc using the changed 



position information; 

reproducing the second test write and detect- 
ing a second jitter from the reproduced signal; 
and 

comparing the first jitter and second jitter, and 
selecting the position information used for the 
test write with less jitter. 

4. A method for obtaining a recording pulse parameter 
as described in claim 3, said method further: 

adding a second specific amount of change to 
the position information for the above one com- 
bination selected from all mark length and 
space length combinations in the standard 
recording pulse parameters, and performing a 
third test write to the optical disc using the 
changed position information; 
reproducing the third test write and detecting a 
third jitter from the reproduced signal; and 
comparing the first jitter, second jitter, and third 
jitter, and selecting the position information 
used for the test write with least jitter. 

5. A method for obtaining a recording pulse parameter 
as described in claim 3, wherein when there is first 
position information selected for any one combina- 
tion, and second position information selected for a 
separate combination, position information interme- 
diately between the two combinations is obtained 
by interpolation from the first position information 
and the second position information. 

6. An apparatus for obtaining a recording pulse 
parameter that is an apparatus for reading standard 
recording pulse parameters from a writable optical 
disc to which are prerecorded standard recording 
pulse parameters defining recording pulse position 
information for each of plural possible mark length 
and space length combinations, correcting a stand- 
ard recording pulse parameter, and obtaining a best 
recording pulse parameter, said apparatus com- 
prising: 

a test writing means for performing a first test 
write to the optical disc using position informa- 
tion for all mark length and space length combi- 
nations in the standard recording pulse 
parameters, 

a jitter detection means for reproducing the first 
test write and detecting a first jitter from the 
reproduced signal, 

the test writing means adding a first spe- 
cific amount of change uniformly to the 
position information for all mark length and 
space length combinations in the standard 
recording pulse parameters, and perform- 
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ing a second test write to the optical disc 
using the uniformly changed position infor- 
mation, and 

the jitter detection means reproducing the 
second test write and detecting a second 5 
jitter from the reproduced signal, and 

a selection means for comparing the first jitter 
and second jitter, and selecting the position 
information used for the test write with less jit- 10 
ter. 

7. An apparatus for obtaining a recording pulse 
parameter as described in claim 6, wherein: 

15 

the test writing means further adds a second 
specific amount of change uniformly to the 
position information for all mark length and 
space length combinations in the standard 
recording pulse parameters, and performs a 20 
third test write to the optical disc using the uni- 
formly changed position information; 
the jitter detection means reproduces the third 
test write and detects a third jitter from the 
reproduced signal; and 25 
the selection means compares the first jitter, 
second jitter, and third jitter, and selects the 
position information used for the test write with 
least jitter. 

30 

8. An apparatus for obtaining a recording pulse 
parameter that is an apparatus for reading standard 
recording pulse parameters from a writable optical 
disc to which are prerecorded standard recording 
pulse parameters defining recording pulse position 35 
information for each of plural possible mark length 
and space length combinations, correcting a stand- 
ard recording pulse parameter, and obtaining a best 
recording pulse parameter, said apparatus com- 
prising: 40 



and 

the jitter detection means reproducing the 
second test write and detecting a second 
jitter from the reproduced signal, and 

a selection means for comparing the first jitter 
and second jitter, and selecting the position 
information used for the test write with less jit- 
ter. 

9. An apparatus for obtaining a recording pulse 
parameter as described in claim 8, wherein: 

the test writing means adds a second specific 
amount of change to the position information 
for the above one combination selected from all 
mark length and space length combinations in 
the standard recording pulse parameters, and 
performs a third test write to the optical disc 
using the changed position information; 
the jitter detection means reproduces the third 
test write and detects a third jitter from the 
reproduced signal; and 

the selection means compares the first jitter, 
second jitter, and third jitter, and selects the 
position information used for the test write with 
least jitter. 

10. An apparatus for obtaining a recording pulse 
parameter as described in claim 8, wherein when 
there is first position information selected for any 
one combination, and second position information 
selected for a separate combination, position infor- 
mation intermediately between the two combina- 
tions is obtained by interpolation from the first 
position information and the second position infor- 
mation. 



a test writing means for performing a first test 
write to the optical disc using position informa- 
tion for any one combination selected from all 
mark length and space length combinations in 45 
the standard recording pulse parameters, 
a jitter detection means for reproducing the first 
test write and detecting a first jitter from the 
reproduced signal, 

so 

the test writing means adding a first spe- 
cific amount of change to the position infor- 
mation for the above one combination 
selected from all mark length and space 
length combinations in the standard 55 
recording pulse parameters, and perform- 
ing a second test write to the optical disc 
using the changed position information, 
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